Coupling between phosphoinositide breakdown and early mitogenic events in fibroblasts. Studies with fluoroaluminate, vanadate, and pertussis toxin.
In the preceding paper (Paris, S., and Pouysségur J. (1987) J. Biol. Chem. 262, 1970-1976), AlF4- and vanadate have been shown to induce inositol phosphate formation in resting hamster fibroblasts (CCL39). In this study, we show that these two phosphate analogs are good tools to explore the causal relationship between phosphoinositide breakdown and early mitogenic events. AlF4- can activate, very similarly to the mitogen alpha-thrombin: the amiloride-sensitive Na+/H+ antiport, the bumetanide-sensitive Na+/K+/Cl- co-transport, and the expression of c-myc mRNA. The link between phospholipase C activation and these early events of the mitogenic response is demonstrated by the similarity of all dose-response curves for NaF and AlCl3 and by the common sensitivity of the four events to pertussis toxin. Vanadate likewise stimulates the Na+/H+ antiport through a pertussis toxin-sensitive pathway. On longer incubations, both fluoride and vanadate were found to be toxic and failed to induce DNA synthesis. Therefore, we have used pertussis toxin to investigate the link between phospholipase C activation and commitment to DNA synthesis. We show that pertussis toxin strikingly inhibits thrombin-induced reinitiation of DNA synthesis but does not affect the stimulation by the epidermal or fibroblast growth factors, two mitogens that do not stimulate phosphoinositide breakdown in CCL39 cells. In conclusion, these studies demonstrate that activation of phospholipase C, if not an obligatory step in the action of all growth factors, plays a crucial role in the mitogenic signaling pathway of alpha-thrombin.